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Abstract

Background Hypercalcemia (HC) after kidney transplantation (KTx) can deteriorate both graft and patient survival. How-
ever, HC as a clinical condition and its clinical significance after KTx remain unknown. We evaluated the prevalence and
risk factors of early HC after KTx.

Methods We performed a nested case—control study using a cohort of 100 KTx patients. KTx patients were divided into the
HC and normocalcemia (NC) groups based on the baseline serum-corrected calcium (cCa) levels (= 10.5 and < 10.5 mg/
dL) within 1 year after KTx.

Results Overall, the median value of maximum serum cCa level within 1 year after KTx was 10.1 (9.1-13.8) mg/dL. Of the
100 KTx patients within the cohort, 31 patients (31.0%) were classified as the HC group. The maximum serum cCa level
was reached significantly earlier in the HC group compared with the NC group (2 vs. 4 months, p =0.024). In univariate
analysis, the risk factors of early HC after KTx were dialysis duration > 10 years, serum cCa level the day before KTx, and
cinacalcet administration before KTx. Among these risk factors, serum cCa level the day before KTx and cinacalcet admin-
istration before KTx were identified as significant independent risk factors of early HC after KTx in multivariate analysis.
Conclusions One-third of the KTx patients presented early HC within 1 year after KTx. Early HC after KTx resulted from
persistent hyperparathyroidism. Therapeutic strategies to manage HC after KTx must be established.

Keywords Kidney transplantation - Hypercalcemia - Chronic kidney disease—mineral and bone disorder - End-stage kidney
disease - Hyperparathyroidism - Cinacalcet

Introduction

In patients with end-stage kidney disease (ESKD), kidney
transplantation (KTx) is expected to improve not only renal
function but also chronic kidney disease—mineral and bone
disorder (CKD-MBD). In fact, KTx can ameliorate most
of the physiologic and metabolic derangements caused by
ESKD. As a result, successful KTx improves the quality of
life and increases survival of these patients, compared with
the long-term dialysis treatment [1].
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However, successful KTx cannot always completely nor-
malize renal function. Indeed, even 1 year after KTx, most
patients improve only to CKD stage 3T [2]. Because the
abnormalities of mineral metabolism occur early after CKD
onset [3], de novo CKD-MBD may arise immediately after
KTx. Post-transplant CKD-MBD reflects both the effects
of previous CKD-MBD persisting after KTx and de novo
CKD-MBD [2].

Hypercalcemia (HC) is a common result of abnor-
mal mineral metabolism in approximately 5-50% of KTx
patients [4]. Some reports showed that HC can affect the
postoperative outcomes of KTx patients. For instance, KTx
patients with HC present early calcification of renal allo-
grafts [5]. KTx patients with persistent HC present progres-
sive tubulointerstitial calcification more commonly than
those without HC [6]. Further, persistent HC after KTx has
been identified a significant risk factor for graft dysfunc-
tion [7]. Furthermore, HC after KTx has been identified as
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an independent risk for recipient death and death-censored
graft loss [8]. Reportedly, HC adversely affects the graft, by
leading to conditions such as nephrocalcinosis, and it may
affect other organs by causing vascular calcifications, eryth-
rocytosis, pancreatitis, among other conditions [9]. However,
transplant physicians may not necessarily recognize the neg-
ative effects of HC after KTx. Further, not only the clinical
significance but also the actual clinical characteristics of HC
after KTx remain largely unknown. Therefore, we aimed to
clarify the prevalence and risk factors of early HC after KTx
by conducting a nested case—control study within a cohort.

Patients and methods
Subjects and study design

From April 2014 to March 2017, a total of 100 consecutive
adult patients with ESKD underwent a KTx at Jichi Medical
University Hospital. We performed a nested case—control
study within a cohort of 100 KTx patients. We divided 100
KTx patients into two groups based on their baseline serum
calcium (Ca) level, into the HC and normocalcemia (NC)
groups. The NC group consisted of all the patients who were
excluded from the HC group. We retrospectively evaluated
and compared these groups, by setting the HC group as cases
and the NC group as controls within the cohort.

Data collection and definition

We reviewed the medical charts of all patients to extract
data on their baseline demographic and clinical characteris-
tics, including sex, age, primary cause of ESKD, modality
and duration of dialysis, donor type (living or deceased),
donor age, ABO compatibility, presence of donor-specific
antibodies before KTx, immunosuppressive therapy, history
of parathyroidectomy, history of cinacalcet administration
before KTx, and laboratory test results.

Nonfasting serum samples were collected the day before
KTx and every month thereafter up to 1 year after KTx.
Serum Ca, phosphorus (P), alkaline phosphatase (ALP),
creatinine, and intact parathyroid hormone (iPTH) were
measured using standard methods. Ca levels were adjusted
to albumin levels using the Payne’s equation: corrected Ca
(cCa)=Ca + [4.0 — albumin (g/dL)] if the serum albumin
was <4 g/dL. HC was defined as a baseline serum cCa
level > 10.5 mg/dL within 1 year after KTx. NC was defined
as a serum cCa level < 10.5 mg/dL at every measurement
within 1 year after KTx. The estimated glomerular filtration
rate (eGFR) was measured using the Japanese GFR equa-
tion [10].

Immunosuppressive therapy and desensitization
protocol

All KTx patients received immunosuppressive therapy for
induction, which comprised tacrolimus (0.1 mg/kg/day),
mycophenolate mofetil (30 mg/kg/day), methylprednisolone
(starting dose, 250 or 500 mg/day), and basiliximab (20 mg/
day) at postoperative days 0 and 4. Desensitization for ABO-
incompatible and donor-specific antibody-positive patients
was performed before KTx. According to the quantity of
the antibody, patients underwent between 0 and 4 sessions
of double-filtration plasmapheresis or plasma exchange
and received 1-2 doses of rituximab 100 mg. Starting at
3 months after KTx, all patients were maintained on a triple-
drug combination therapy comprising tacrolimus (trough
level 5 ng/mL), mycophenolate mofetil (1000 mg/day), and
methylprednisolone (4 mg/day). Patients with exacerbation
of diabetes after KTx used everolimus (trough level 3-5 ng/
mL) rather than methylprednisolone.

Statistical analysis

For continuous variables, we used means with standard devi-
ations or medians with ranges as appropriate. We represented
categorical variables as the number of patients and percent-
ages. We used unpaired or paired ¢ tests or Mann—Whitney
U tests to assess continuous variables, as appropriate. We
compared categorical variables using Fisher’s exact test. For
correlation analysis, we used the Pearson’s product-moment
correlation coefficient.

To identify the risk factors of HC, we employed a logistic
regression analysis. Variables exhibiting statistically signifi-
cant differences in the univariate analysis were tested in a
multivariate analysis. Further, clinically relevant factors with
p values of <0.10 were included in the multivariate analysis
to investigate their effects. All statistical analyses were per-
formed using EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan) [11], a graphical user interface
for R (The R Foundation for Statistical Computing, Vienna,
Austria). More precisely, EZR is a modified version of the R
commander designed to add statistical functions frequently
used in biostatistics. Two-tailed p values of <0.05 were con-
sidered statistically significant.

Results
Prevalence of early HC after KTx

In the entire study cohort, the mean and median values
of maximum serum cCa within 1 year after KTx were

@ Springer



270

Clinical and Experimental Nephrology (2019) 23:268-274

10.36 £0.79 mg/dL and 10.1 (9.1-13.8) mg/dL, respec-
tively. Of the 100 KTx patients within the cohort, 31 patients
(31.0%) were classified in the HC group because of base-
line serum cCa level > 10.5 mg/dL within 1 year after KTx
(Fig. 1). After excluding the HC group, the NC group con-
sisted of 69 patients (69.0%).

Patient characteristics

Among baseline patient characteristics the day before KTx,
dialysis duration in the HC group was significantly longer
than that in the NC group (Table 1). Serum cCa level in the
HC group was significantly higher than that in the NC group
(Table 1). Active vitamin D and cinacalcet administration in
the HC group were significantly greater than those in the NC
group (Table 1). Other than these, no significant differences
in baseline characteristics were observed between groups the
day before KTx (Table 1).

Serum cCa level (maximum, correlation
before and after KTx)

The median time at which the maximum serum cCa level
was reached within 1 year after KTx in the HC and NC
groups was 2 (1-9) months and 4 (1-9) months, respectively
(Fig. 2). The maximum serum cCa level was reached signifi-
cantly earlier in the HC group than the NC group (p=0.024).

A significant positive correlation was found between
serum cCa level the day before KTx and maximum serum
cCa level in the NC group (Fig. 3). Conversely, no signifi-
cant correlation was found between these parameters in the
HC group (Fig. 3).

Fig.1 Time course of serum
cCa level in the HC and NC
groups. cCa corrected calcium,
HC hypercalcemia, NC normoc-
alcemia, KTx kidney transplan-
tation. *p <0.05 vs. pre-KTx in
the each group

Serum P, ALP, iPTH levels and graft outcomes
after KTx

One year after KTx, the serum P level in the HC group was
significantly lower than that in the NC group, and the serum
ALP level in the HC group was significantly higher than that
in the NC group (Table 2). The iPTH level was comparable
between the HC and NC groups (Table 2). No patients were
treated with cinacalcet after KTx in either group (Table 2).
More subjects of the HC group underwent parathyroidec-
tomy than those of the NC group (Table 2). Regarding graft
outcomes, such as graft function and acute rejection, no sig-
nificant differences were observed between groups (Table 2).

Risk factors of early HC after KTx

In the univariate analysis, the risk factors of early HC after
KTx were dialysis duration of > 10 years, serum cCa level
the day before KTx, active vitamin D and cinacalcet admin-
istration before KTx (Table 3). Among these risk factors,
serum cCa level the day before KTx and cinacalcet admin-
istration before KTx were identified by multivariate analysis
as significant independent risk factors of early HC after KTx
(Table 3). Conversely, dialysis duration and active vitamin
D administration were not found to be an independent risk
factor of early HC after KTx (Table 3).
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Table 1 Baseline patient characteristics of the entire study cohort the day before KTx
Characteristics All (n=100) HC group (n=31) NC group (n=69) p
Recipient sex, female, n (%) 37 (37.0) 13 (41.9) 24 (34.8) 0.51
Recipient age (year), mean (SD) 47.8 (13.8) 48.3 (12.3) 47.5 (14.5) 0.78
Primary cause of ESKD, n (%)
Glomerulonephritis 60 (60.0) 20 (64.5) 40 (58.0) 0.66
Diabetes 22 (22.0) 6(19.4) 16 (23.2) 0.80
Hypertension 5(.0) 2(6.5) 3(4.3) 0.64
Polycystic disease 5(5.0) 0 (0.0) 5(7.2) 0.32
Others 8 (8.0) 3(9.7) 5(7.2) 0.70
Dialysis modality, hemodialysis, n (%) 66 (66.0) 21 (67.7) 45 (65.2) 1.0
Preemptive KTx, n (%) 12 (12.0) 1(3.2) 11 (15.9) 0.098
Dialysis duration (day), median (range) 739 (0-12,439) 2150 (0-12,439) 573 (0-9904) <0.001
Deceased donor, n (%) 9(9.0) 5(16.1) 4(5.8) 0.13
ABO incompatible, n (%) 24 (24.0) 10 (32.3) 14 (20.3) 0.21
DSA positive, n (%) 13 (13.0) 4(12.9) 9 (13.0) 1.0
cCa (mg/dL), mean (SD) 9.04 (0.76) 9.56 (0.68) 8.81 (0.68) <0.001
P (mg/dL), mean (SD) 6.41 (1.75) 6.66 (1.71) 6.29 (1.76) 0.33
iPTH (pg/mL), median (range) 255 (14-1290) 291 (45-1290) 225 (14-1010) 0.19
Treatment history of hyperparathyroidism, n (%)
Active vitamin D 27 (27.0) 13 (41.9) 14 (20.3) 0.030
Cinacalcet 17 (17.0) 13 (41.9) 4(5.8) <0.001
Parathyroidectomy 6 (6.0) 2(6.5) 4(5.8) 1.0

KTx kidney transplantation, HC hypercalcemia, NC normocalcemia, SD standard deviation, ESKD end-stage kidney disease, DSA donor-specific
antibody, cCa corrected calcium, P phosphorus, iPTH intact parathyroid hormone

Fig.2 The period of maximum HC arou
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Months after KTx at which the maximum serum cCa level was reached
Discussion prevalence of HC within 1 year after KTx reached 31%

This study identified important short-term clinical aspects
of CKD-MBD after KTx. To identify relevant predictors
of progression of CKD-MBD that may lead to deteriora-
tion of the patient and graft survival, we examined the
prevalence and risk factors of early HC after KTx. The

within this cohort. The independent risk factors of early
HC after KTx were serum cCa level the day before KTx
and cinacalcet administration before KTx.

Surprisingly, 31% of the KTx patients in this cohort
developed HC within 1 year after KTx. Based on numbers
reported previously, the prevalence of HC after KTx can
range from 5 to 50% [4]. The reason for the difference in the
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Serum cCa level the day before KTx (mg/dL)
r=-0.69, 95% Cl = (-0.41, 0.29), p = 0.71 r=10.33,95% Cl = (0.10, 0.53), p = 0.005

Fig.3 Correlation with serum cCa level between the day before KTx and the time at which the maximum serum cCa level was reached. HC
hypercalcemia, NC normocalcemia, cCa corrected calcium, K7x kidney transplantation, CI confidence interval

Table 2 Biochemical parameters and clinical course at 1 year after KTx

HC group (n=31) NC group (n=69) p

cCa (mg/dL), mean (SD) 10.37 (0.46) 9.57 (0.36) <0.001
Maximum cCa within 1 year (mg/dL), mean (SD) 11.25 (0.84) 9.96 (0.29) <0.001
P (mg/dL), mean (SD) 2.59 (0.61) 3.02 (0.59) 0.001
ALP (U/L), mean (SD) 325.0 (130.4) 269.0 (97.4) 0.020
iPTH (pg/mL), median (range) 133 (57-1130) 104 (80-200) 0.58
Creatinine (mg/dL), mean (SD) 1.31 (0.77) 1.39 (1.12) 0.70
eGFR (mL/min/1.73 m?), mean (SD) 49.2 (15.2) 50.3 (15.7) 0.74
Graft survival, n (%) 31 (100.0) 69 (100.0) 1.0
Acute rejection, n (%) 5(16.1) 12 (17.4) 1.0
Conversion from methylprednisolone to everolimus, n (%) 9(29.0) 19 (27.5) 1.0
Treatment of hyperparathyroidism, n (%)

Active vitamin D 1(3.2) 1(1.4) 0.53

Cinacalcet 0(0.0) 0(0.0) 1.0

Parathyroidectomy 309.7) 0(0.0) 0.028

KTx kidney transplantation, HC hypercalcemia, NC normocalcemia, SD standard deviation, cCa corrected calcium, P phosphorus, ALP alkaline
phosphatase, iPTH intact parathyroid hormone, eGFR estimated glomerular filtration rate

prevalence observed in this cohort compared to that reported  limit, to clarify the actual prevalence of HC and predict early
previously may be a difference in the definition of HC after =~ HC after KTx. However, it is an undeniable fact that HC
KTx (serum Ca level >2.55-2.95 mmol/L=10.2-11.8 mg/  is commonly observed after KTx. Moreover, in the studied
dL) [9]. Within this range, we established the cut-off point  cohort, HC developed as early as 2 months after KTx. Such
of serum cCa level as 10.5 mg/dL, close to the normal upper ~ an early HC onset after KTx is likely the result of a previous
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Table3 Risk factors for early Variables the day before KTx Univariate Multivariate
HC after KTx
OR 95% CI p OR 95% CI p
Recipient sex, female 1.35 0.57-3.23 0.49
Recipient age 1.00  0.97-1.04 0.78
Dialysis duration, > 10 years 6.10 1.87-19.9 0.003 3.90 0.95-16.0 0.059
Preemptive KTx 0.18  0.02-1.43 0.10
Deceased donor 312 0.78-12.6 0.11
cCa 563  245-129 <0.001 4.67 1.95-11.2 <0.001
P 1.13  0.88-1.45 0.33
ALP 1.00  0.99-1.01 0.27
iPTH 1.00  1.00-1.00 0.13
Active vitamin D 284  1.13-7.15 0.027 1.94 0.57-6.63 0.29
Cinacalcet 11.7 3.41-40.4 <0.001 8.74 2.12-36.1 0.003
Parathyroidectomy 1.12  0.19-6.47 0.90

HC hypercalcemia, KTx kidney transplantation, OR odds ratio, CI confidence interval, cCa corrected cal-
cium, P phosphorus, ALP alkaline phosphatase, iPTH intact parathyroid hormone

CKD-MBD that persisted after KTx. Although transplant
physicians frequently encounter early-onset HC after KTx,
the most important issue is that there seems to be a lack of
recognition of the negative effects of HC on patient and graft
outcomes. Conceivably, it might also be true that we lack
effective interventions to manage HC after KTx.

Thus, we investigated the risk factors of early HC within
1 year after KTx to clarify predictors of CKD-MBD after
KTx. As a result of multivariate analysis, the independent
risk factors of early HC after KTx were serum cCa level
the day before KTx and cinacalcet administration before
KTx. Our results indicate that early HC after KTx is likely
to result from persistent hyperparathyroidism. It has been
reported previously that high Ca and iPTH levels before KTx
were predictors of prolonged HC [12]. Moreover, iPTH was
found to be more strongly correlated with HC at 1 year after
KTx than any other factor [13]. Serum ALP level, a bone
turnover marker, was higher in the HC group than in the NC
group 1 year after KTx in the present cohort. Conversely, the
iPTH level the day before KTx was not identified as a rele-
vant risk factor by either univariate or multivariate analyses.
This may be because cinacalcet was administered for hyper-
parathyroidism before KTx. Therefore, we should focus not
on the iPTH level but on cinacalcet administration before
KTx for predicting early HC after KTx. Although the serum
cCa level the day before KTx was one of the independent
risk factors of early HC after KTx, no significant correlation
was observed between serum cCa level in the HC group the
day before KTx and the time at which the maximum serum
cCa level was reached. We consider that this was caused by
a decline of serum Ca in the effect of cinacalcet treatment
before KTx. In contrast, no patients were treated with cina-
calcet after KTx in the HC and NC groups because cinacal-
cet has not been approved for indication in public insurance

for treating tertiary hyperparathyroidism after KTx in Japan,
Despite the discontinuation of cinacalcet after KTx, iPTH
levels were comparable between both groups. One of the
underlying reasons is that parathyroidectomy, was performed
as radical therapy for patients with severe hyperparathy-
roidism in the HC group. Another reason may be that iPTH
levels decline substantially during the first 3 months after
KTx [14]. Successful KTx might improve mild or moderate
hyperparathyroidism.

In addition to cinacalcet, the widespread use of new calci-
mimetics, such as etelcalcetide, might improve the outcomes
of patients with ESKD with hyperparathyroidism. However,
discontinuation of calcimimetics after KTx may lead to HC
in KTx patients. Therefore, patients with ESKD with hyper-
parathyroidism who are candidates for KTx should undergo
parathyroidectomy before KTx. Still, a therapeutic strategy
for HC after KTx must be established promptly.

The current study has several limitations. First, this
study was a case—control study. Therefore, our results may
be subject to unintentional selection bias and observation
bias. However, we designed a nested case—control study
within a cohort targeting all consecutively enrolled patients
within a period to eliminate selection bias and determine
the prevalence of HC after KTx as precisely as possible.
Second, the small number of KTx patients at a single-center
limited the certainty of our results. Thus, a large-scale study
is needed to confirm our findings. Nonetheless, our results
accurately reflect the actual situation of early HC after KTx
in a single-center.

In conclusion, a third of KTx patients presented early
HC within 1 year after KTx. The independent risk factors
of early HC after KTx were serum cCa level the day before
KTx and cinacalcet administration before KTx. To prevent
deterioration of patient and graft survival due to progression
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of CKD-MBD, a therapeutic strategy for HC after KTx
should be established promptly.
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